TITLE OF THE INVENTION 

Longitudinal Coupled Multiple Mode Surface Acoustic Wave Filter 



BACKGROUND OF THE INVENTION 
5 Field of the Invention 

u [oooil 

S This invention relates to a surface acoustic wave filter (thereinafter to be referred to as 

|J an SAW filter). 

10 Description of Prior Art 
ril R)002l 

4* An SAW filter is a small and thin filter utilizing a surface acoustic wave and is in 

i II practical use as a key device for mobile communication equipments such as cellular 

phones. With the recent demands for a miniaturized, high-frequency cellular phone 
15 requiring low power consumption for a long-duration of call, there has been a growing 

demands for higher frequency SAW filters with lower insertion loss and higher power 

handling capability. 

[0003] 

Fig. 22 is a schematic plan view illustrating a longitudinal coupled double mode SAW 
20 filter utilizing a conventional primary-third order longitudinal mode. The SAW filter in 
Fig. 22 shows also an unbalanced input and unbalanced output type SAW filter. On a 
main surface of a piezoelectric substrate, as shown in Fig. 22, there are provided three 
IDTs (Interdigital Transducer) 61, 62, 63 closely disposed to each other along a 
propagation direction of a surface wave, with grating reflectors (hereinafter to be 
25 referred to as reflector) 64a, 64b disposed on both sides of these IDTs. The IDTs 61, 62, 
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63 are structured by comb electrodes 61b, 61c, 62b, 62c, 63b, 63c having a plurality of 
electrode fingers 61a, 62a, 63a, with each electrode finger inserted into a space of the 
other comb electrode. A comb electrode 61b of the IDT 61 is connected with an input 
terminal In and the other comb electrode 61c is grounded. A comb electrode 62b of the 
5 IDT 62 and a comb electrode 63b of the IDT 63 are mutually connected with each other 

and are connected to an output terminal Out. The other comb electrode 62c of the IDT 

62 and the other comb electrode 63c of the IDT 63 are mutually connected with each 

other and are grounded. 

[0004] 

10 The SAW filter shown in FIG. 22 operates as follows as known. A plurality of surface 
waves excited by the IDTs 61, 62, 63 are trapped between the reflectors 64a and 64b, 
and a coupling is generated among the IDTs 61, 62, and 63. As a result, two 
longitudinally coupled resonance modes of primary and third-order are excited strongly 
through the electrode pattern, and the filter works as a double mode SAW filter utilizing 

15 these two modes by giving appropriate terminations. It is known that a pass-band width 
of the double mode SAW filter is proportional to a frequency difference between the 
primary-order resonance mode and the third-order resonance mode. 
[0005] 

Fig. 23 shows another longitudinal coupled double mode SAW filter with an unbalanced 
20 input and balanced output configuration. On a main surface of a piezoelectric substrate, 
as shown in Fig. 23, there are provided three IDTs 71, 72, 73 closely disposed to each 
other along a propagation direction of a surface wave, with reflectors 74a, 74b disposed 
on both sides of these IDTs. The IDTs 71, 72, 73 are structured by comb electrodes 71b, 
71c, 72b, 72c, 73b, 73c having a plurality of electrode fingers 71a, 72a, 73a, with each 
25 electrode finger inserted into a space of the other comb electrode. A comb electrode 71b 
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of the IDT 71 and a comb electrode 72b of the IDT 72 are mutually connected with each 
other and are connected with an input terminal In. The other comb electrode 71c of the 
IDT 71 and the other comb electrode 72c of the IDT 72 are mutually connected with 
each other and are grounded. A comb electrode 73c of the IDT 73 is connected with an 
5 output terminal Out 1 and the other comb electrode 73b is connected with an output 
terminal Out 2. 
Q [0006] 

M Fig. 24 and 25 show filtering properties of the longitudinal double mode SAW filter 

m 

HI comprising a middle IDT including 27 electrode fingers, side IDTs including 19 electrode 

^10 fingers each and reflectors including 120 electrode fingers each on a 36-degree Y-cut 
X-propagation LiTa03 substrate, and assuming an aperture length of 80 ji m and a 

1*1,1 

? ** wavelength X of 2.14 jum. Fig.24 shows properties of the unbalanced input and 

unbalanced output type SAW filter in Fig. 22. Fig. 25 shows properties of the 50 Q 
unbalanced input and 50 Q balanced output type SAW filter in Fig. 23. A horizontal 
15 axis indicates frequency (GHz), takes 1.925 at the middle and is marked in 0.375 GHz 
increments. A vertical axis indicates an insertion loss and is marked in 10 dB 
decrements. 
[0007] 

Even though the unbalanced input and balanced output type SAW filter can be provided 
20 with two output terminals Out, as can be seen from Fig. 24 and 25, stop-band 
attenuation of the SAW filter is lower than that of an unbalanced input and unbalanced 
output type SAW. 
[0008] 

The present invention was made to solve the above problem and has an objective to 
25 provide an unbalanced input and balanced output type SAW filter capable of obtaining 
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stop-band attenuation approximately equivalent to that of an unbalanced input and 

unbalanced output type SAW filter. 

[0009] 

Also the present invention has an objective to provide an SAW filter which can be 
5 fabricated readily when the width between an input IDT and an output IDT is less than 
XI2. 

s 

SUMMARY OF THE INVENTION 
X [0010] 

Z * 10 This invention was made to provide a longitudinal coupled multiple mode SAW filter 

B 

ill comprising a plurality of IDTs disposed along a propagation direction of a surface wave 

s; r; on a piezoelectric substrate* In the SAW filter, an IDT is flanked on either side by IDTs, 

ri 

f || one of comb electrodes of IDT in the middle is connected with an input terminal, other 

comb electrode of the middle IDT is grounded, one of comb electrodes of IDT on each 
15 side of the middle IDT is connected with an output terminal, other comb electrodes of 
the side IDT are grounded. Electrode fingers are so arranged that adjacent electrode 
fingers of the middle IDT and the IDT on one side makes a connection between 
terminals or a connection between grounds and the other adjacent electrode fingers of 
the middle IDT and the IDT on the other side makes a connection between a terminal 
20 and a ground. 
[0011] 

The SAW filter can be so structured that the output terminals are formed facing one 

direction and the grounds are also established facing one direction. 

[0012] 

25 Also the SAW filter may be so structured that the output terminals are mutually formed 
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in the opposite directions. 
[0013] 

With the above mentioned structure, an unbalanced input and balanced output SAW 
filter can improve stop-band attenuation. 
5 [0014] 

Also, the SAW filter of the present invention comprises an resonator, which includes one 
tl or a plurality of IDTs for exciting and receiving a surface acoustic wave and has 

o 

%l antiresonant frequency approximately equivalent to cut-off frequency on the high-pass 

side of the longitudinal coupled multiple mode SAW filter. The resonator is connected 
y & 10 with the input terminal of the SAW filter in series and is provided with an input 
^; terminal at the IDT. 

V [0015] 

Zl The longitudinal coupled multiple mode SAW filter of the present invention comprises 

two reflectors on both sides of a plurality of IDTs along the propagation direction of the 
15 surface wave. These reflectors may reflect the surface wave and trap oscillation energy 
of the surface wave in between. 
[0016] 

The resonator is a one-port resonator and may comprise two reflectors on both sides of 
one or a plurality of IDTs along the propagation direction of the surface wave. These 
20 reflectors may reflect the surface acoustic wave. 
[0017] 

When alternating voltage is applied between the input terminal and the output 
terminal, stress is created between adjacent electrode fingers of the one-port SAW 
resonator on the piezoelectric substrate by the piezoelectric effect and the surface 
25 acoustic wave is excited. By reflecting the exciting surface acoustic wave between two 

5 



reflectors, the oscillation energy of the wave is trapped between the reflectors, as a 
result standing wave is generated. The one-port resonator has antiresonant frequency. 
By connecting the longitudinal coupled multiple mode SAW filter and the one-port 
resonator in series and matching the cut-off frequency on the high-pass side of the 
longitudinal coupled multiple mode SAW filter with the antiresonant frequency of the 
one-port resonator, the roll-off in vicinity of the cut-off frequency on the high-pass side 
can be made steeper. 
[0018] 

In the longitudinal coupled multiple mode SAW filter of the present invention, the width 
11 10 of adjacent electrode fingers of the input IDT and the output IDT may be designed to be 
smaller than the width of the other electrode fingers. 
[0019] 

When the SAW filter operates higher frequency, the space between the input IDT and 
the output IDT should be designed to be less than AV2. Consequently a space between 

15 the adjacent electrode fingers of the IDTs becomes narrow, resulting in difficulties in 
fabrication. In this case, the certain width between the input IDT and the output IDT 
can be left by designing the width of the adjacent electrode fingers of the input IDT and 
the output IDT to be smaller than the width of the other electrode fingers, resulting in 
easy manufacture. 

20 [0020] 

In the longitudinal coupled multiple mode SAW filter of the present invention, the width 
of adjacent electrode fingers of the input IDT and the output IDT is designed to be 
smaller than the width of the other electrode and the pitch between one of the adjacent 
electrode fingers is designed to be narrower than the pitch between the other electrode 
25 fingers. Moreover, the width of a plurality of the electrode fingers of the input IDT and 
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the output IDT may be designed to be smaller than the width of the other electrode 

fingers. 

[0021] 

With the above mentioned structure, a certain width between the input IDT and the 
5 output IDT can be left even if the frequency becomes further higher, resulting in easy 
manufacture. 
O [0022] 

\l Thi s invention was made to provide a longitudinal coupled multiple mode SAW filter 

% Z. comprising a plurality of IDTs disposed along a propagation direction of a surface wave 

* f c 10 on a piezoelectric substrate. In the SAW filter, an IDT is flanked on either side by IDTs, 
?5 e one of comb electrodes of the middle IDT is connected with an input terminal, one of 

V comb electrodes of the IDT on each side of the middle IDT is connected with an output 

fj| terminal, the width of adjacent electrode fingers of the input IDT and the output IDT is 

designed to be smaller than the width of the other electrode and the pitch between 
15 adjacent electrode fingers is designed to be narrower than the pitch between the other 

electrode fingers. 

[0023] 

This invention was made to provide a longitudinal coupled multiple mode SAW filter 
comprising a plurality of IDTs disposed along a propagation direction of a surface wave 

20 on a piezoelectric substrate. In the SAW filter, an IDT is flanked on either side by IDTs, 
one of comb electrodes of the middle IDT is connected with an input terminal, one of 
comb electrodes of the IDT on each side of the middle IDT is connected with an output 
terminal, the width of adjacent electrode fingers of the input IDT and the output IDT is 
designed to be smaller than the width of the other electrode and the pitch between 

25 adjacent electrode fingers is designed to be narrower than the pitch between the other 
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electrode fingers. Moreover, the width of a plurality of the electrode fingers of the input 
IDT and the output IDT may be designed to be smaller than the width of the other 
electrode fingers 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a schematic plan view illustrating a longitudinal coupled double mode SAW 
filter utilizing a longitudinal double mode according to a first embodiment of the 
present invention. 
[0025] 

Fig. 2 is a view showing filtering property of a prototype of a longitudinal coupled 
double mode SAW filter using an electrode configuration of the present invention. 
[0026] 

Fig. 3 is a view showing filtering property, which measured in the vicinity of the 
pass-band, of the prototype of the longitudinal coupled double mode SAW filter using 
the electrode configuration of the present invention. 
[0027] 

Fig. 4 is a schematic plan view showing a second embodiment where a one-port SAW 
resonator is connected in series to an input side of the longitudinal coupled double mode 
SAW filter in Fig. 1. 
[0028] 

Fig. 5 is a view showing frequency characteristics of the one-port SAW resonator. 
[0029] 

Fig. 6 is a view showing filtering property of a prototype of a longitudinal coupled 
double mode SAW filter using an electrode configuration of the second embodiment. 



8 



[0030] 

Fig. 7 is a view showing filtering property, which measured in the vicinity of the 
pass-band, of the prototype of the longitudinal coupled double mode SAW filter using 
the electrode configuration of the second embodiment. 
5 [0031] 

Fig. 8 is a schematic plan view illustrating other electrode configuration of the 
p longitudinal coupled double mode SAW filter utilizing the longitudinal double mode 

%J according to the present invention. 

w 

Hi [0032] 

III 10 Fig. 9 is a schematic plan view illustrating other electrode configuration of the 

O longitudinal coupled double mode SAW filter utilizing a longitudinal double mode 

rii 

fi Z according to the present invention. 

|{ [0033] 

Fig. 10 is a schematic plan view showing a state between an input IDT and an output 
15 IDT. 
[0034] 

Fig. 11 is a schematic plan view illustrating a structure of a hot and hot connection 
unbalanced output type SAW filter comprising three IDTs and reflectors on both sides of 
the IDTs. 
20 [0035] 

Fig. 12 is a schematic plan view illustrating a structure of a ground and ground 
connection unbalanced output type SAW filter comprising three IDTs and reflectors on 
both sides of the IDTs. 
[0036] 

25 Fig. 13 is a schematic plan view illustrating a state where the width between the input 
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IDT and the output IDT is smaller than X 12. 
[0037] 

Fig. 14 is a schematic plan view showing a third embodiment of the present invention 
where the width between the input IDT and the output IDT is smaller than X/2. 
5 [0038] 

Fig. 15 is a schematic plan view illustrating a state where the width between the input 
IDT and the output IDT is smaller than X/2 and electrode fingers are overlapped. 
[0039] 

Fig. 16 is a schematic plan view to explain a condition for overlapping the electrode 
10 fingers of the input IDT and the output IDT. 
[0040] 

Fig. 17 is a schematic plan view showing the third embodiment of the present invention 
where the width between the input IDT and the output IDT is smaller than X/2 and 
electrode fingers are overlapped. 
15 [0041] 

Fig. 18 is a schematic plan view showing a fourth embodiment of the present invention 
where the width between the input IDT and the output IDT is smaller than X 12 and 
electrode fingers are overlapped. 
[0042] 

20 Fig. 19 is a schematic plan view showing the third or fourth embodiment where a 
one-port SAW resonator is connected to an input side of a longitudinal coupled double 
mode SAW filter. 
[0043] 

Fig. 20 is a view showing filtering property of a prototype of a longitudinal coupled 
25 double mode SAW filter using an electrode configuration of the third embodiment. 
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[0044] 

Fig. 21 is a view showing filtering property of a prototype of a longitudinal coupled 
double mode SAW filter using an electrode configuration of the fourth embodiment. 
[0045] 

5 Fig. 22 is a schematic plan view illustrating a longitudinal coupled double mode SAW 
filter utilizing a conventional longitudinal double mode. 
K [0046] 

**| Fig. 23 is a schematic plan view illustrating a longitudinal coupled double mode SAW 

m filter with an unbalanced input and balanced output configuration. 

i f \ 

Of 10 [0047] 

13 Fig. 24 is a view showing filtering property, which is measured in the vicinity of the 

?! I 

pass-band, of a prototype of the longitudinal coupled double mode SAW filter using the 
CI electrode configuration shown in Fig. 22. 

[0048] 

15 Fig. 25 is a view showing filtering property, which is measured in the vicinity of the 
pass-band, of a prototype of the longitudinal coupled double mode SAW filter using an 
electrode configuration shown in Fig. 23. 
[0049] 

The foregoing and other objects, features, aspects and advantages of the present 
20 invention will become more apparent from the following detailed description of the 
present invention when reviewed in conjunction with the accompanying drawings. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
[0050] 

25 Embodiments of the present invention will be explained below with reference to the 
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drawings. 
[0051] 

Fig. 1 is a schematic plan view illustrating a longitudinal coupled double mode SAW 
filter utilizing a longitudinal double mode according to a first embodiment of the 
present invention. 
[0052] 

The longitudinal coupled double mode SAW filter has an unbalanced input and balanced 
output configuration and comprises three IDTs 11, 12, 13 disposed closely to each other 
along a propagation direction of surface wave on a main surface of a piezoelectric 
substrate, and reflectors 14a and 14b disposed on both sides of the IDTs. 
[0053] 

The IDTs 11, 12, 13 are respectively structured with comb electrodes lib, 11c, 12b, 12c, 
13b, 13c having a plurality of electrode fingers 11a, 12a, 13a, with each electrode finger 
inserted into a space of the other comb electrode. A comb electrode 11c of the middle IDT 
11 is connected with an input terminal In and the other comb electrode lib is grounded. 
A comb electrode 12b of the IDT 12 and a comb electrode 13c of the IDT 13 are mutually 
connected with each other and grounded. The other comb electrode 12c of the IDT 12 
and the other comb electrode 13b of the IDT 13 are respectively connected with an 
output terminal Out 1 and an output terminal Out 2. 
[0054] 

Each of reflectors 14a, 14b is structured with a large number of electrode fingers (not 
shown) like the electrode fingers of the IDTs 11, 12, 13. The electrode fingers are spaced 
at approximately the same intervals as the electrode fingers of the IDTs 11, 12, 13 and 
arranged in ladder shape. 
[0055] 
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Although aperture lengths, which are length orthogonal to the propagation direction of 
surface acoustic wave, of each of three IDTs 11, 12, 13 and the reflectors 14a, 14b are 
almost the same, they are not necessarily same. 
[0056] 

According to the longitudinal coupled double mode SAW filter in this invention, as 
shown in Fig.l, adjacent electrode fingers 11a of the middle IDT and 12a of the IDT 12 
on one side of the IDT 11, and adjacent electrode fingers 11a of the middle IDT and 13a 
on the other side of the IDT 11 are arranged as follows; adjacent electrode fingers 
establish a hot and hot connection, that is, one electrode finger of the adjacent electrode 
fingers is connected with an output terminal (or an input terminal) and the other 
electrode finger is connected with an input terminal (or an output terminal). The other 
adjacent electrode fingers establish a hot and ground connection, that is, one finger of 
the adjacent electrode fingers is connected with an output terminal (or an input 
terminal) and the other finger is grounded. 
[0057] 

In the embodiment shown in Fig. 1, a comb electrode 12c of the IDT 12 is connected with 
an output terminal Out 1, that is, an electrode finger 12a of the comb electrode 12c is 
connected with the output terminal Out 1. The comb electrode 11c of the middle IDT 11 
having the electrode finger 11a adjacent to the electrode finger 12a of the comb electrode 
12c is connected with an input terminal In, that is, the electrode finger 11a of the comb 
electrode 11c is connected with the input terminal In. This connection of the adjacent 
fingers is referred to as the hot and hot connection. On the other hand, the other comb 
electrode 12b of the IDT 12 and the other comb electrode lib of the IDT 11 are grounded. 
In other words, an electrode finger 11a comprising the comb electrode lib and an 
electrode finger 12a comprising the comb electrode 12b are grounded. 



13 



[0058] 

A comb electrode 13c of the IDT 13 is grounded, that is, an electrode finger 13a 
comprising the comb electrode 13c is grounded. The comb electrode 11c of the middle 
IDT having an electrode finger 11a adjacent to the electrode finger 13a of the comb 
electrode 13c is grounded. This connection of the adjacent electrode fingers 11a and 13a 
of the IDTs 11 and 13 is referred to as the hot and ground connection. On the other hand, 
the other comb electrode 13b of the IDT 13 is connected with an output terminal Out 2. 
In other words, an electrode finger 13a comprising the comb electrode 13b is connected 
with the output terminal Out 2. 
[0059] 

Fig. 2 and 3 are views showing filtering property of a longitudinal coupled double mode 
SAW filter comprising the middle IDT 11 including 27 electrode fingers, the side IDTs 
12 and 13 including 19 of electrode fingers each, reflectors 14a and 14b including 120 
electrode fingers each on a 36-degree Y-cut X-propagation LiTaOs substrate. These IDTs 
respectively have an aperture length of 80 u m, a wavelength X of 2.14 ju m, and a duty 
ratio of 65. The reflectors respectively have an aperture length of 80 ix m, a wavelength 

X of 2.19 \x m and a duty ratio of 65. The IDTs and the reflectors are made of Al or 
Al-Cu (1%). The thickness of the IDTs and the reflectors is in a range between 150-200 
nm. In this embodiment, the thickness is 170nm. The IDT inputs 50 Q and outputs 150 

Q so that an unbalanced input and balanced output configuration is formed. 

[0060] 

This embodiment indicates the longitudinal coupled double mode SAW filter for a 
pass-band in a range of 1805 MHz to 1880 MHz. A horizontal axis of a graph in Fig. 2 
indicates frequency (GHz), takes 1.925 GHz in its middle and is marked in 0.375 GHz 
increments. A vertical axis indicates an insertion loss and is marked in 10 dB 
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decrements. Fig. 3 is a scaled-up graph indicating a value in the vicinity of the 

- 

pass-band. A horizontal axis indicates a frequency (GHz), takes 1.8425 GHz in its 
middle and is marked in 40 MHz increments. A vertical axis indicates an insertion loss 
and is marked in 5 dB decrements. 
5 [0061] 

As shown in Fig. 2 and 3, the SAW filter in this embodiment demonstrates the 
K superiority in attenuation at a low side and a high side of the pass-band over the SAW 

filter shown in Fig. 25. Also the SAW filter in this embodiment can obtain attenuation 
f f| almost equivalent to that of an unbalanced input and unbalanced output type SAW 

|f| 10 filter shown in Fig. 24. 

O [0062] 

III 

H Although, a 36-degree Y-cut X-propagation LiTaO s substrate is used as a piezoelectric 

□ substrate in the embodiment described above, widely used piezoelectric substrates as a 

?! E. 

E 

substrate for the SAW filter are also available; for example, a 64-degree Y-cut 
15 X-propagation LiNbOs substrate, a 41-degree Y-cut X-propagation LiNbOs substrate, a 

42-degree Y-cut X-propagation LiTaOs substrate and a 128-degree Y-cut Y-propagation 

LiNbOs substrate, further an X-cut LiTaOs substrate, an X-cut LiNbOs substrate. The 

other types of piezoelectric material such as quartz or langasite are also available. 

Furthermore, thin film piezoelectric materials such as A1N (Aluminum Nitrogen), ZnO 
20 (Zinc Oxide), PbTi0 3 or BaTiOs can be used for the piezoelectric substrate instead of 

mono-crystal material. 

[0063] 

Au or Cu, or a laminated film thereof can be used as materials for the IDT and the 
reflector instead of materials described above. 
25 [0064] 
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Although the embodiment indicates the SAW filter for 1800-1900 MHz, an SAW filter 
for 1710-1785 MHz can be formed with the similar design parameters used in the above 
SAW filter. In RF and IF band for mobile communication system, especially in 300-500 
MHz, 800-900 MHz, 1500 MHz or 1.9-2.0 GHz, or in a band of 2.4-2.5 GHz or 5 GHz for 
5 a wireless LAN system, the SAW filter can obtain the same properties as cited above by 
modifying the design parameters. 
n [0065] 

%s:!? : 

~.| One of required filtering properties is based on a pass-band width of frequency. The 

Hi pass-band width depends on a period which is determined by width and space of 

01 10 electrode fingers and a wavelength which is determined by acoustic velocity of the 

s 

O piezoelectric material under the condition that the relative bandwidth which is 

standardized by the bandwidth and frequency is fixed. By making the period smaller 

W and using materials of which acoustic wave can travel faster, the pass-band can be 

shifted to the higher frequency. 
15 [0066] 

In this embodiment, the shift amount (75 MHz to 1842.5 MHz) is 4.1 percent. The 
design parameter includes a film's thickness, a duty ratio of IDT, the number of 
electrode fingers of the middle IDT and the side IDTs, and the distance between 
adjacent IDTs and these parameters are adjusted to design filters. 
20 [0067] 

The bandwidth can be varied depending on an electromechanical coupling coefficient 
(k 2 ) possessed by the piezoelectric substrates. To carry this out, the design parameter of 
electrodes should be modified. 
[0068] 

25 By using a piezoelectric substrate having a greater electromechanical coupling 
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coefficient and decreasing the number of electrode fingers of the IDT, the bandwidth 
generally can be made wider to obtain basic filtered waveforms. Also the bandwidth can 
be made wider by making the film thickness larger. 
[0069] 

The filtering properties as indicated in this invention can be obtained with 

consideration of materials and the design parameter for electrodes. 

[0070] 

Even if the SAW filter operates different frequencies, the longitudinal coupled double 
mode SAW filter used in this invention basically can be formed by changing materials, 
the number of electrode fingers of the IDT and the design parameter for the electrodes 
whenever the relative bandwidth is in a range between about 0.1-10 percent. 
[0071] 

The longitudinal coupled double mode SAW filter can obtain excellent filtering 
properties inherent in the unbalanced and balanced type filter by applying the 
structure in this embodiment. 
[0072] 

As described above, the longitudinal coupled double mode SAW filter can obtain various 
filtering properties by modifying the design parameter. However, it is generally said 
that a roll-off in the vicinity of cut-off frequency on the high-pass side of the pass-band 
is not steep. Therefore a longitudinal coupled double mode SAW filter comprising a 
one-port SAW resonator connected therewith in series has been put forth in order to 
make the roll-off in the vicinity of cut-off frequency on the high-pass side of the 
pass-band steeper. 
[0073] 

Fig. 4 is a schematic plan view showing a second embodiment where a one-port SAW 
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resonator is connected in series to an input side of the longitudinal coupled double mode 
SAW filter in Fig. 1. In Fig. 4, the same components as those in Fig. 1 are given the 
same reference numbers. 
[0074] 

5 In the embodiment, as shown in Fig. 4, the longitudinal coupled double mode SAW filter 
1 is connected in series with a one-port SAW resonator 2 on a piezoelectric substrate. 
[0075] 

A comb electrode 12c of an IDT 12 is connected with an output terminal Out 1. A comb 
electrode 11c of a middle IDT 11 having an electrode finger 11a adjacent to an electrode 

10 finger 12a of the comb electrode 12c is connected with the one-port SAW resonator 2. 
Actually the electrode finger 11a comprising the comb electrode 11c is connected with an 
input terminal In through the one-port SAW resonator 2. This connection of the 
adjacent electrode fingers 12a and 11a of the IDTs 11 and 12 is referred to as the hot and 
hot connection. The other comb electrode 12b of the IDT 12 and the other comb electrode 

15 lib of the IDT 11 are grounded. 
[0076] 

A comb electrode 13c of an IDT 13 is grounded. A comb electrode 11c of the middle IDT 
11 having an electrode finger 11a adjacent to an electrode finger 13a of the comb 
electrode 13c is connected with the input terminal In through the one-port SAW 
20 electrode 2. This connection of the adjacent electrode fingers 11a and 13a of the IDTs 11 
and 13 is referred to as the hot and ground connection. The other comb electrode 13b of 
the IDT 13 is connected with an output terminal Out 2. 
[0077] 

In the one-port SAW resonator 2, two reflectors 27, 27 which reflect surface acoustic 
25 wave are disposed along the propagation direction of the surface wave and on both sides 
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of an IDT 26 which excites and receives the surface acoustic wave. The IDT 26 is 
structured with two comb electrodes having a large number of electrode fingers 23 
(simplified in Fig. 4), with each electrode finger 23 of one comb electrode inserted evenly 
into a space between the electrode fingers 23 of the other comb electrode. 
[0078] 

Each of the reflectors 27 is structured with a large number of electrode fingers (not 
shown) like the electrode fingers 23 of the IDT 26. The electrode fingers are spaced at 
approximately the same intervals as the IDT 26 to be arranged in ladder shape. 
[0079] 

Although aperture lengths, which are orthogonal to the propagation direction of surface 
acoustic wave, of the IDT 26 and the reflectors 27 are almost the same, it is not 
necessary that they be the same. 
[0080] 

As described above, the comb electrode 11c of the IDT 11 of the longitudinal coupled 
double mode SAW filter 1 is connected with one of the comb electrodes of the IDT 26 of 
the one-port SAW resonator 2. An input terminal In for the SAW filter is formed at the 
other comb electrode of the IDT 26. 
[0081] 

When alternating voltage is applied to the input terminal In, stress is created between 
adjacent electrode fingers 23 of the one-port SAW resonator 2 on the piezoelectric 
substrate by the piezoelectric effect, as a result a surface acoustic wave is excited. By 
reflecting the exciting surface acoustic wave between two reflectors 27, standing wave is 
generated and resonated. The resonated wave is supplied to the longitudinal coupled 
double mode SAW filter 1 as an output. 
[0082] 
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In the longitudinal coupled double mode SAW filter, stress is created between the 
electrode fingers on the piezoelectric substrate by the piezoelectric effect, as a result a 
surface acoustic wave is excited. The wave is excited the most when the wavelength of 
the surface acoustic wave is the same as the periodicity (pitch) between electrode 
fingers. A standing wave is generated and resonated by reflecting the exciting surface 
acoustic wave between two reflectors 14a, 14b and by trapping the oscillation energy 
of the wave between the reflectors 14a, 14b. The resonated wave is output from the 
output terminal Out 1 and Out 2 of the SAW filter 1 as outputs. 
[0083] 

The one-port SAW resonator 2 provides filtering properties including an antiresonant 
frequency fl as shown in Fig. 5. The antiresonant frequency flL is in approximate 
agreement with a cut-off frequency on the high-pass side in the pass-band of the 
longitudinal coupled double mode SAW filter, which allows the roll-off in the vicinity of 
the cut-off frequency on the high-pass side to be steeper, as a result the SAW filter can 
obtain enough attenuation. 
[0084] 

Fig. 6 and 7 shows filtering properties of the following SAW filter. A longitudinal double 
mode SAW filter comprises, a middle IDT 11 including 27 of electrode fingers 11a, side 
IDTs 12 and 13 each including 19 of electrode fingers 12a and 13a and reflectors 14a, 
14b each including 120 electrode fingers on a 36-degree Y-cut X-propagation LiTaOs 
substrate. On the same substrate, a one-port SAW resonator 2 comprising an IDT 26 
inclu din g 251 electrode fingers is connected in series to the input side of the 
longitudinal coupled double mode SAW filter 1. 
[0085] 

The IDT of the longitudinal coupled double mode SAW filter has an aperture length of 
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80 fi m, a wavelength X of 2.14 ju m, duty ratio of 65. The reflector has an aperture 
length of 80 y m, a wavelength 1 of 2.19 m, duty ratio of 65. The IDTs and the 
reflectors are made of Al or Al-Cu (1%). The thickness of the IDTs and the reflectors is in 
a range between 150-200 nm. In this embodiment, the thickness is 170nm. The IDT 
inputs 50 Q and outputs 50 Q so that an unbalanced input and balanced output 
configuration is formed. 
[0086] 

The IDT of the one-port SAW resonator has an aperture length of 75 n m, a wavelength 
X of 2.14 jjl m, duty ratio of 50. The reflector has an aperture length of 75 fi m, a 
wavelength X of 2.19 n m, duty ratio of 50. The IDTs and the reflectors are made of Al 
or Al-Cu (1%). The thickness of the IDTs and the reflectors is in a range between 
150-200 nm. In this embodiment, the thickness is 170nm. 
[0087] 

This second embodiment indicates the longitudinal coupled double mode SAW filter for 
a pass-band in a range between 1805 MHz and 1880 MHz. A horizontal axis of a graph 
in Fig. 6 indicates frequency (GHz), takes 1.925 GHz in its middle and is marked in 
0.375 GHz increments. A vertical axis indicates an insertion loss and is marked in 10 dB 
decrements. Fig. 7 is a scaled-up graph indicating a value in the vicinity of the 
pass-band. A horizontal axis indicates a frequency (GHz), takes 1.8425 GHz in its 
middle and is marked in 40 MHz increment. A vertical axis indicates an insertion loss 
and is marked in 5 dB decrements. 
[0088] 

As shown in Fig. 6 and 7, the SAW filter in this embodiment demonstrates the 
superiority in attenuation at a low side and a high side of the pass-band over the SAW 
filter shown in Fig. 25. Also the SAW filter in this embodiment can obtain attenuation 
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almost equivalent to that of an unbalanced and unbalanced type SAW filter shown in 
Fig. 24. As compared with Fig. 2 and 3 to Fig. 6 and 7, it is apparent that the roll-off in 
the vicinity of the cut-off frequency on the high-pass side can be steeper by comprising 
the one-port SAW resonator on the input side of the SAW filter. 
[0089] 

According to the SAW filter in this invention, the electrode fingers of the middle IDT 11 
and the IDTs 12 and 13 on both sides are so arranged that adjacent electrode fingers 
establish a connection between an output (input) terminal and an input (output) 
terminal, and the other adjacent electrode fingers establish a hot and ground connection, 
that is, one electrode finger of the adjacent electrode fingers is connected with an output 
(input) terminal and the other electrode finger is grounded. However the other 
configurations shown in Fig. 8 and 9 are also available instead of the above mentioned 
configuration. As to Fig. 8 and 9, the same components as those in Fig. 1 are given the 
same reference numbers to omit the explanation. 
[0090] 

In a configuration shown in Fig. 8, the electrode fingers of the IDTs are so arranged that 

the grounds are established in one direction. 

[0091] 

In a configuration shown in Fig. 9, the electrode fingers of the IDTs are so arranged that 
the output terminals Out of the side IDTs are mutually formed in the opposite 
directions. 
[0092] 

In the SAW filter shown in Fig. 8 and 9, it is possible to make the roll-off in the vicinity 
of the cut-off frequency on the high-pass side steeper by comprising the one-port SAW 
resonator on the input side of the SAW filter. 



22 



[0093] 

According to the SAW filter in this embodiment, the electrode fingers in the middle IDT 

11 and the IDTs 12 and 13 on both sides are so arranged that adjacent electrode fingers 
establish a hot and hot connection, and the other adjacent electrode fingers establish a 

5 hot and ground connection. Also the electrode fingers in the middle IDT 11 and the IDTs 

12 and 13 on both sides can be so arranged that adjacent electrode fingers establish a 

q ground and ground connection, and the other adjacent electrode fingers establish a hot 

O 

%| and ground connection. 

UJ 

CO [0094] 

Iff 10 Although the longitudinal coupled double mode SAW filter in the above described 

Hi embodiment is provided with reflectors, the SAW filter does not always need the 

ft i 

N* reflectors. It is possible to apply an SAW filter without reflectors by changing the 

If- number and the arrangement of the IDT or by utilizing a reflection occurring in crystal 

surfaces. 
15 [0095] 

As a matter of course, the filter does not need to be alone. A plurality of filters can be 

connected to each other. 

[0096] 

The present invention is applicable to not only the longitudinal coupled double mode 
20 SAW filter but also a longitudinal coupled multiple mode SAW filter such as a 
primary-secondary- third order longitudinal coupled triple mode SAW filter. 
[0097] 

By the way, one of important parameters is a pitch between an input IDT and an output 
IDT in order to obtain a good pass-band characteristic. It is well known that a good 
25 pass-band characteristic can be obtained by making the width W between an input IDT 
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11 and an output IDT 12 (13) smaller than X/2, as shown in Fig. 10. Generally the 
width W between the input IDT and the output IDT is designed to be less than X 12. The 
pitch between electrode fingers of the IDT is X 12. 
[0098] 

When the SAW filter operates higher frequency, the space between the input IDT and 
the output IDT should be designed to be less than X/2. Consequently a space between 
the adjacent electrode fingers of the IDTs becomes narrow; as a result the SAW filter 
needs highly advanced processing technology to manufacture. 
[0099] 

As a filter using three IDTs, there is a hot and hot connection unbalanced output type 
filter comprising three IDTs 81, 82, 83 and reflectors 84, 84 on both sides of the IDTs in 
Fig. 11, which has a different configuration from the present invention. In many cases, 
the width W between the input IDT and the output IDT of the filter is set less than X 12. 
However, the problem of the filter whose width between the input IDT and the output 
IDT is less than X 12 can be solved by employing the configuration of the ground and 
ground connection unbalanced output type filter as shown in Fig. 12. Because the 
adjacent electrode fingers of the input IDT and the output IDT are grounded in the 
ground and ground connection unbalanced output type filter, there is no problem in its 
property even if these electrode fingers are overlapped. Therefore the configuration 
shown in Fig. 12 can overcome the difficulties in the manufacturing process for the 
unbalanced type filter using three IDTs whose electrode fingers are too close to each 
other. 
[0100] 

In the SAW filter of the present invention, however, adjacent electrode fingers of the 
middle IDT 11 and the side IDT 12 and 13 need to establish a hot and hot connection (or 



24 



a ground and ground connection) and a hot and ground connection. So all of adjacent 
electrode fingers can not establish a ground and ground connection, that is, the same 
method applied to the SAW filter in Fig. 12 can not be used to solve the problems. The 
adjacent electrode fingers of the IDTs in the present invention must be separated. 
[0101] 

When the SAW filter operates higher frequency, as shown in Fig. 13,the space between 
the input IDT and the output IDT should be designed to be less than X /2. Consequently 
a space between the adjacent electrode fingers of the IDTs becomes narrow, resulting in 
difficulties in fabrication. For information, the input IDT 11 comprises comb electrodes 
lib and 11c including a plurality of electrode fingers 11a each. The output IDT 12 (13) 
comprises comb electrodes 12b (13b), 12c (13c) including a plurality of electrode fingers 
12a (13a) each. 
[0102] 

In a third embodiment shown in Fig. 14, the width of an electrode finger llaO of the 
input IDT 11 and the width of an electrode finger 12a0 (13a0) are designed to be smaller 
than the width of the other electrode fingers 11a, 12a. By setting the width of electrode 
finger small, the SAW filter can obtain enough space between the input IDT and the 
output IDT, resulting in easy fabrication. 
[0103] 

When the space between the input IDT and the output IDT becomes even smaller, as 
shown in Fig. 15, the electrode fingers of the IDTs are overlapped. The conditions for 
overlapping the electrode fingers 11a and 12a will be explained below with reference to 
Fig. 16. Given that the metallization ratio of the IDT is expressed by lm/(X/2), the 
electrode fingers of the IDTs are overlapped and shorted when the space between the 
input IDT and the output IDT meets the following condition. 
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[0104] 

The distance between the input IDT and the output IDT ^ X/2-(X/4)xQm/(X 12)) x 2 
[0105] 

In the case that the space between the input IDT and the output IDT becomes small and 
the adjacent electrode fingers of both IDTs have no choice but to be overlapped, it is not 
effective only to make the width of the electrode fingers small as shown in Fig. 17, since 
the electrode fingers become too slim to fabricate, resulting in the need for highly 
advanced processing technology. 
[0106] 

In such a case, the width of the adjacent electrode fingers 12a0, llaO of the input IDT 
and the output IDT is set small while the pitch between the electrode fingers 12a0 and 
12 and the pitch between the electrode fingers llaO and 11a are set small as shown in a 
forth embodiment of Fig. 18. To prevent the pitch between the electrode finger 12a and 
an electrode finger next to it and the pitch between the electrode finger 11a and an 
electrode finger next to it from being too small, the width of the second electrode fingers 
12a and 11a is set small. Thus, the problems can be solved by adjusting the width of the 
adjacent electrode fingers of the input IDT and the output IDT. Although the width and 
the pitch are adjusted with respect to the adjacent electrode fingers 12a0 and llaO of 
the input IDT and the output IDT and the electrode fingers 12a and 11a next to those in 
this embodiment, the width and the pitch are adjustable with respect to electrode 
fingers next to the second electrode fingers 12a and 11a, if necessary, more than two 
electrode fingers are adjustable. 
[0107] 

Fig. 19 shows a longitudinal double mode SAW filter comprising three IDTs 11, 12, 13 
and reflectors 14a, 14b on a 36-degree Y-cut X-propagation LiTaOs substrate and 
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connecting a one-port SAW resonator 2 in series at the input side of the SAW filter. The 
filtering properties of the SAW filter applying the method shown in Fig. 14 and the 
method shown in Fig. 18 are indicated below. In the SAW filter shown in Fig. 19, the 
electrode fingers in the middle IDT 11 and the IDTs 12 and 13 on both sides are so 
arranged that adjacent electrode fingers establish a ground and ground connection, and 
the other adjacent electrode fingers establish a hot and ground connection. 
[0108] 

Fig. 20 shows the filtering property of a 200 Q balanced output type SAW filter for PCN 
(personal communication network)-Rx having the same structure as Fig. 19 applying 
the method shown in Fig. 14. 
[0109] 

The longitudinal coupled double mode SAW filter comprises an IDT 11 including 28 
electrode fingers and IDTs 12, 13 each including 20 electrode fingers. The IDT has an 
aperture length of 150 jn m, a pitch between electrode fingers ( X 12) of 1.07 /im } a space 
between the input IDT and the output IDT of 0.6 n m. The reflector has 120 electrode 
fingers, an aperture length of 150 ji m, a pitch between electrode fingers (X/2) of 1.10 
n m. The width of the electrode finger of the IDT is 0.695 jll m and the width between 
adjacent electrode fingers of the input IDT and the output IDT is 0.46 n m. 
[0110] 

The one-port SAW resonator comprises an IDT including 251 of the electrode fingers 
and reflectors each including 150 electrode fingers. A pitch between the IDTs ( X 12) is 
1.06 n m. A pitch between the reflectors ( X 12) is 1.06 n m. An aperture length of each 
IDT and reflector is 75 n m. 
[0111] 

According to the SAW filter of this embodiment, excellent attenuation can be obtained 
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both at the low-pass side and the high-pass side as indicated in Fig. 20. 
[0112] 

Fig. 21 shows the filtering property of a 200 Q balanced output type SAW filter for PCS 
(personal communication service)-Rx having the same structure as Fig. 19 applying the 
method shown in Fig. 18. The space between the input IDT and the output IDT of the 
SAW filter is smaller in comparison with the SAW filter in Fig. 20, therefore the method 
shown in Fig. 18 is applied to the filter to prevent the electrode fingers from being too 
small. 
[0113] 

The IDT 11 of the longitudinal coupled double mode SAW filter comprises 32 electrode 
fingers and each of the IDT 12, 13 comprises 22 electrode fingers. The IDT has an 
aperture length of 100 u m, a pitch between the electrode fingers ( X/2) of 1.01 //ma 
space between the input IDT and the output IDT of 0.6 n m. The reflector comprises 
150 electrode fingers, an aperture length of 100 u m, a pitch between the electrode 
fingers ( X 12) of 1.04 n m. The width of an electrode finger of the input IDT is 0.6 n m. 
The width of adjacent electrode fingers of the input IDT and the output IDT (the first 
electrode fingers) is 0.45 M m and a width of electrode fingers next to those (the second 
electrode fingers) is 0.55 n m. The pitch of the first electrode fingers and the second 
electrode fingers of the IDT is 0.91 jjl m. 
[0114] 

The one-port SAW resonator comprises an IDT including 301 electrode fingers and 
reflectors each including 180 electrode fingers. A pitch between the electrode fingers of 
the IDT ( X 12) is 1.015 //m.A pitch between the electrode fingers of the reflector ( X 12) 
is 1.015 Mm.An aperture length of the IDT and reflectors is 30 fi m. 
[0115] 
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According to the SAW filter of this embodiment, excellent attenuation can be obtained 

both at low-pass side and high-pass side as indicated in Fig. 21. 

[0116] 

The methods in the third and fourth embodiments are also applicable to the hot and hot 
connection unbalanced output type filter comprising three IDTs flanked by reflectors as 
shown in Fig. 11. 
[0117] 

According to this invention, as described above, an SAW filter having the unbalanced 
input and balanced output configuration can improve stop-band attenuation and obtain 
attenuation almost equivalent to that of an SAW filter having the unbalanced input and 
unbalanced output configuration. 
[0118] 

Although the present invention has been described and illustrated in detail, it should be 
clearly understood that the description discloses examples of different embodiments of 
the invention and is not intended to be limited to the examples or illustrations provided. 
Any changes or modifications within the spirit and scope of the present invention are 
intended to be included, the invention being limited only by the terms of the appended 
claims. 
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